Studies to develop renewable fuels, such as biodiesel, as substitutes for petroleum diesel have a great environmental importance. However, in order to be effectively incorporated into the energy mix, a satisfactory performance of a diesel cycle engine under the effect of this biofuel must be ensured. The objective of this study was to evaluate the specific fuel consumption, effective power and torque of a diesel engine related to resistive loads under varying volumetric proportions of soybean biodiesel in mineral diesel oil (5% (B5), 10% (B10), 25% (B25) and 50% (B50)) under varying applied loads (1.5, 3.0, 4.5, 6.0, 7.5 and 9.0 kW). For the test, a 7.36 kW engine coupled to a 28.8 kW three-phase electric generator was used. The loads were elevated up to 9.0 kW via a three-phase resistive bench. In terms of power and torque, the performances of the B5 and B10 mixtures were not significantly different, whereas the B25 and B50 mixtures displayed lower performances. The B10 mixture showed better performance in terms of consumption because the remaining mixtures had similar results to those B5 mixture. For this reason, it can be a basis for encouraging anticipation of this mixture in diesel cycle engines use. Additionally, the reduction in power and torque for mixtures with higher concentration of biodiesel should not be considered significant front the environmental gains from the use of renewable fuels and the analyzed technical aspects.
INTRODUCTION
Due to environmental concerns, the need for renewable energy and according to the need for ecoinnovations, biodiesel presents itself as a potential substitute for mineral diesel oil. This biofuel can be obtained by the transesterification of oils and/or fats with a short-chain alcohol in the presence of a catalyst (LÔBO et al., 2009) .
According to GALVÃO (2007) , biodiesel has the characteristics required for a fossil diesel oil substitute, being free from sulfur and organic compounds that are harmful to humans, in addition to being renewable, biodegradable and non-toxic. In addition, ELA et al. (2016) emphasized the rapid evolution with which the diesel engine has proven to be one of the most effective energy conversion systems.
Among oilseeds, soybean has fulfilled the largest proportion of the current production of biodiesel in Brazil. Despite being susceptible to oxidation, mainly due to the presence of double bonds in the linoleic fatty acid (the main component of soybean oil) (BELTRÃO & OLIVEIRA, 2008) , it is possible to obtain a biodiesel quality by controlling the production process, using antioxidants and adequately storing the biofuel.
Furthermore, the more complete biodiesel combustion, compared to diesel, can render the specific consumption equivalent to that fossil fuel while also reducing the emissions of particulate matter (PM), carbon monoxide (CO), and hydrocarbons (HC) (SHARMA et al., 2009) ; and reducing the increase net of the carbon dioxide level (CO 2 ) (CARVALHO, 2012; ZAHARIN et al., 2017; BEATRICE et al., 2017) . Vehicle emissions have an important effect on global warming and climate changes (HAZAR, 2017) , encouraging studies that minimize these emissions without significant losses to engine performance.
Due to the need for new alternatives that minimize reliance on oil products and the elucidation of biodiesel potential, in terms of the mechanical performance of the engine, this study aimed to evaluate the power, the torque, and specific consumption of a diesel engine with a 7.36 kW (10 hp) power, coupled to a 28.8 kW three-phase generator. It used different volumetric proportions of soybean biodiesel (B5, B10, B25 and B50) and resistive loads of 1.5, 3.0, 4.5, 6.0, 7.5 and 9.0 kW. In addition, research was conducted in the literature for to evidence environmental gains.
MATERIALS AND METHODS
The biodiesel was produced in the Laboratory of Chemical Processes (LCP) from Federal University of São Francisco Valley -via methyl transesterification of soybean oil, using sodium hydroxide (NaOH) as the catalyst, generating crude biodiesel and glycerin as products. We separated the glycerin from the crude biodiesel by decantation, and then proceeded to the purification process.
The purification of the biodiesel consisted of aqueous washing with the addition of distilled water, corresponding to 30% of the biodiesel/ water mixture, to remove the alcohol, catalyst and glycerin excess by stirring and heating, followed by decantation. Next, the biodiesel was dried with the addition of Magnesol and vacuum filtration to remove the residual water that was retained in the filter with the Magnesol.
After production, the pure biodiesel (B100) was mixed with commercial diesel (B5), acquired in Juazeiro-BA, in order to obtain biodiesel/diesel mixtures with 10% (B10), 25% (B25), and 50% (B50) biodiesel. Samples of B5, B10, B25, B50, and B100 (reference sample) were subjected to the quality analyses described below.
The acid value was analyzed according to the methodology of the standard ABNT NBR 14448 by the potentiometric titration method (BORSATO et al., 2012) , the National Agency of Petroleum, Natural Gas and Biofuels (ANP) requirement of which establishes a maximum limit of 0.5 mg KOH g biodiesel -1
. The kinematic viscosity at 40° C was obtained according to the standard ASTM D445, using a Cannon-Fenske viscometer number 75 for opaque liquids, which establishes limits within the range from 3 to 6 mm² s -1 . The oxidative stability was determined using the standard method described in the EN 14112, commonly referred as Rancimat method, in which 3.0 grams of each sample were aged in an airflow (10 L h -1 at 110 ºC) within a measurement cell supplied with deionized water. This method measures the induction time by conductivity (ZULETA et al., 2012) , which should reach the minimum limit of 6 h.
The specific masses of the mixtures were established with the methods recommended by the standards ABNT NBR 14065 and ASTM D4052, which determine the specific mass and the relative density of oil distillates and viscous oils using a digital densitometer (LÔBO et al., 2009 ). The ANP regulation provides a limit from 820 to 850 kg m -3 for the commercial diesel (B5) and from 850 to 900 kg m -3 for B100. The determination of the sulfur content of the mixtures is in agreement with the methodology recommended by the standards ABNT NBR 14533, ASTM D4294 and ASTM D5453 (LÔBO et al., 2009) , using molecular fluorescence spectrometry. The ANP standards establish a maximum limit of 10 mg kg -1 sulfur for B100. Once the quality of the mixtures had been established, the dynamometer test of the 7.36 kW (10 hp) Branco diesel engine was performed at Mechanical Engineering Laboratory from UNIVASF in 2014, using the B5, B10, B25, and B50 mixtures.
In this dynamometer, the diesel engine was coupled to a three-phase 28.8 kW generator with an output voltage of 220 V, which supplied a threephase resistive bench with 30 light bulbs of 100 W each per phase.
After the initial heating and stabilization, the engine was subjected to the maximum rotational speed (3600 rpm) and the resistive loads were activated, applying 1.5 kW per stage, which enabled the measurement of current, voltage and rotational speed using an ammeter, a multimeter and a tachometer, respectively. Thus, it was possible to determine the power under the test conditions related to the applied load. This procedure was followed until all of the resistive loads of the bench (9.0 kW) were applied. The power was calculated using Eq. 1 (Kosov, 1982) :
Where: P effective observed -Produced power, Watts; V -Output voltage, Volts; and I -Output current, Ampere.
After measuring the power for each stage of the load application, the fuel supply from the tank was switched off, the fuel supplied from the burette connected to the engine was switched on, and the volumetric consumption (volume/time) was measured with the help of a stopwatch. According to MIALHE (1996) , from the consumed fuel mass values and the measurement of power and time, the specific fuel consumption (SPF) can be calculated, as shown in Eq. 2:
Where: SFC -Specific fuel consumption, g kW ; C -Fuel consumption, mL s -1 ; µ -Specific mass, kg m -3 ; and P effective_observed -Power produced during the test, W.
With the values of power and rotational speed, the values of torque can be obtained using Eq. 3:
Where: T-Torque of the engine, kgf.m; P effective_ observed -Power produced during the test, W; and rpm -Rotational speed of the engine in revolutions per minute.
The dynamometer test of the engine was repeated three times for each mixture, using the same system and test conditions, according to the ABNT NBR 6398 method.
To determine the differences and the possible gains from the use of different biodiesel / diesel mixture, the obtained results of power, torque and consumption were statistically analyzed by a twoway analysis of variance (ANOVA), in which two factors were simultaneously evaluated. Thus, the influence of the type of fuel (B5, B10, B25 and B50), the applied loads (1.5, 3.0, 4.5, 6.0, 7.5 and 9.0 kW), and the interaction of these two factors were analyzed for the results of the observed effective power, specific consumption and engine torque at the significance level α = 0.05.
After concluding that there are significant differences between treatments, the magnitude of these differences was evaluated using Tukey's test, which tests any contrast between two treatment means at the significance level α = 0.05.
Finally, extensive research in the literature was done to evidence environmental gains.
RESULTS AND DISCUSSION
The mixtures B5, B10, B25, and B50 used in the dynamometer tests, as well as the B100 reference sample, showed quality parameters, as described in the Materials and Methods section, consistent with the limits established by the resolution number 45 of the ANP, published in 2014.
The engine behavior with the use of B5, B10, B25, and B50 mixtures in terms of power and torque is shown in Figure 1 ; these two parameters increase with the applied load. With the applied load increase (from 6 kW - Figure 1) , it was identified a detachment between the effective power and torque curves for the analyzed mixtures that can be attributed to the inefficient atomization of the fuel, due to the higher viscosity of the mixtures with larger proportions of biodiesel. The inefficient atomization can result in losses during the fuel burn (NIETIEDT, et al., 2011). A. Through the ANOVA analysis, a significant difference was observed in the results of the mean effective power as well as in the results of the torque and specific consumption for the mixtures (Table 1) , the applied loads and the interaction between these two variables. In each column and for each factor, the means followed by the same lowercase letters do not differ from Tukey's test at 5% probability: ** Significant at the 1% probability level (P<0.01); * Significant at the 5% probability level (P <.05)
The results of power and torque related to the types of fuel (mixtures) (Table 1) indicate that the highest mean power and the highest mean torque achieved by the engine occurred under the influence of B10, whose results are statistically similar to those of B5. The mixtures B25 and B50 showed a performance decrease regarding power and torque. However, these two mixtures had similar results to each other. This decrease can be attributed to the lower calorific value of biodiesel.
The reduction in power and torque, obtained in the study, for mixtures with higher concentration of biodiesel, should not be considered significant front the environmental gains from the use of renewable fuels. YILMAZ et al. (2017) confirm the reduction of carbon monoxide (CO) and unburned hydrocarbons (HC) emissions to mixtures with high percentages of biodiesel (90% and 80%) compared to mixtures of fossil origin. Results such as these should be developed to anticipate the increase of biodiesel percentage in diesel to 10%, which was only predicted for 2019 and, in November 2017, it was anticipated for March 2018 (VENTURA, 2017).
Additionally, UYUMAZ et al. (2018) pointed that the usage of biodiesel/diesel mixtures, with mustard biodiesel oil, provides reasonable and effective approach in order to reduce exhaust emission and close thermal efficiency with diesel fuel. ZAREH et al. (2017) and HUANG et al. (2017) also identified environmental gains from the use of the biodiesel/diesel mixtures, such as the reduction of particulate matter, carbon monoxide and dioxide in the engine exhaust. This latter studied properties of castor, coconut and waste cooking based biodiesel as fuel. In the present study, increases above 10% of soybean biodiesel in the mixture resulted in a power reduction of the engine. However, the fuels with higher concentrations of biodiesel (B25 and B50) showed equivalent power values.
Regarding to the specific consumption ( Figure  2) , the engine had a lower consumption when using B10, followed by B25, B5, and B50 (Table 1) .
The consumption with the use of B25 and B50 was similar to B5, which is in agreement with the results presented by SORANSO et al. (2008) , who obtained similar specific consumptions for the B5, B25 and B50 mixtures.
The consumption results show that the use of a fuel with proportions of biodiesel up to 50% does not cause consumption losses compared to commercial diesel and it can even contribute to its reduction via the use of diesel with an addition of 10% biodiesel (B10).
The reduction of fuel consumption for mixtures with 10% of biodiesel can be associated with thermal efficiency of the engine. According to MOREIRA et al. (2013) , the thermal efficiency compensated the lower calorific value of biodiesel.
These results correlate with those of NIETIEDT et al. (2011) , who evaluated the use of methyl biodiesel mixtures of soybean with diesel (B5, B10, B20 and B100) in a compression ignition engine with direct fuel injection and obtained better performance with the use of B10, showing higher power and lower consumption. SILVA et al. (2012) , when evaluating a small generator set (single cylinder) using various proportions of chicken tallow biodiesel, reported that the use of mixtures with proportions of 20% biodiesel does not significantly affect engine performance in terms of specific fuel consumption.
In a study by VOLPATO et al. (2009) , the use of soybean biodiesel (B100) was considered feasible related to the lower specific and energetic consumption of this biofuel compared to diesel, even identifying losses up to 10.7% in torque and a 6.1% decrease in the reduced power with the use of B100. In that study, it was not used the mixtures investigated in this study.
The results of the mean observed power, torque and specific consumption related to the applied loads are described in Table 2 . The values of power increase with increased applied load, achieving the highest magnitudes at the load of 7.5 kW. The same behavior is observed for the mean torque, with the loads of 9.0 kW and 7.5 kW, providing the highest torque and displaying similar results.
The highest consumptions were obtained with load applications of 1.5 and 9.0 kW, and these results were statistically equivalent ( Table 2 ). The lowest mean consumption was obtained with a load application of 4.5 kW. This result is shown in the graph of the specific consumption mean curves in Figure 2 , which indicates that when applying a load of 9.0 kW, there was a higher consumption of the B5 and B50 mixtures (equivalent), followed by the B25 and B10 mixtures; these results are also shown in Table 5 .
The results of the interactions between the applied loads and the mixtures for the mean observed power, mean torque and consumption are described in Tables 3, 4 and 5, respectively.
With the use of B10 (Table 3) , the engine showed better performance in terms of power compared to other mixtures for loads of 7.5 and 9.0 kW. Regarding other loads, significant performance differences were not observed between the fuels, i.e., the powers provided by the mixtures are similar when applying loads of 1.5, 3.0, 4.5 and 6.0 kW.
The best observed effective power of B10 in relation to B5 (Table 3) can be related to the increase in the cetane number and higher oxygen concentration in mixtures with higher amounts of biodiesel, which improves the fuel burn inside the combustion chamber (TEIXEIRA, 2010) . In contrast, the blends with higher amounts of biodiesel may have been affected by the lower calorific value and larger viscosity of biodiesel that compromise fuel burn and reduces engine performance.
In view of the interaction between applied loads and the mixtures (Table 4) , the B10 mixture showed better performance than the remaining mixtures in terms of torque, with loads of 9.0 and 7.5 kW. The B5, B25 and B50 mixtures displayed performances that were statistically similar to those loads. For the remaining loads (1.5, 3.0, 4.5 and 6.0 kW), the torque was statistically similar among all the mixtures. In each column and for each factor, the means followed by the same lowercase letters do not differ from Tukey's test at 5% probability: ** Significant at the 1% probability level (P<0.01); * Significant at the 5% probability level (P <.05) In each row the means followed by the same upper case letters and in each column the means followed by the same lowercase letter do not differ from Tukey test at 5% probability. ** Significant at the 1% probability level (P<0.01); * Significant at the 5% probability level (P <.05) In each row the means followed by the same upper case letters and in each column the means followed by the same lowercase letter do not differ from Tukey test at 5% probability. ** Significant at the 1% probability level (P<0.01); * Significant at the 5% probability level (P <0.05)
The consumption results (Table 5) showed that with the application of a 6.0 kW load, the consumption with the B10 mixture was lower than the remaining mixtures. The highest consumption was observed with the use of B50, with a magnitude similar to the B5 and B25 mixtures.
With the application of 9.0 kW, lower consumption was observed using the B10 mixture, followed by the B25 mixture and subsequently by the B50 and B5 mixtures, which showed similar results (Table 5) . Finally, for the 1.5, 3.0, 4.5 and 7.5 kW loads, the consumptions of the mixtures were all similar.
The use of larger proportions of biodiesel up to 50% does not compromise the engine performance compared to commercial diesel. Mixtures with 10% biodiesel present a reduction in consumption and a better performance in terms of power and torque.
As perspective, non-linear regression studies can be performed. For this, new dynamometric tests for new mixtures should be carried out, generating new additional results. From these, it can be possible to predict differences in engine performance using different soybean biodiesel mixtures in mineral diesel oil through the interpolation.
CONCLUSIONS
• The power and torque produced by the engine with B10 were equivalent to the results obtained with B5, which suggests the feasibility of increasing the mandatory percentage of biodiesel to B10.
• The specific consumption of B10 mixture was lower than that for the other mixtures. However, the B25 and B50 mixtures had similar results to those for B5 mixture. There was a difference in consumption related to the loads; for the 1.5 and 9.0 kW loads, there was a higher consumption, while at 4.5 kW, there was a lower consumption.
• The engine performance was lower in terms of torque and power as the proportion of biodiesel in the mixture increased above 10%. The results for B25 and B50 were similar.
• The reduction in power and torque for mixtures with higher concentration of biodiesel was not considered significant front of environmental gains from the use of renewable fuels and analyzed technical aspects. Nova, v.35, n.4, p.733-737, 2012 . In each row the means followed by the same upper case letters and in each column the means followed by the same lowercase letter do not differ from Tukey test at 5% probability. ** Significant at the 1% probability level (P<0.01); * Significant at the 5% probability level (P <.05)
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